We point out that the sign of ∆M B matters when extracting the sign of sin2φ 1 from the CP asymmetry observed in B d → ψK S . The data on the latter can a priori be accommodated with four rather than the usually quoted two different values of φ 1 . Assuming ∆M B to be reproduced by the Standard Model removes two solutions, one of which has commonly been accepted in the literature. Measuring cos2φ 1 will leave only one value, which might or might not satisfy all CKM constraint. In principle the same argument has to be repeated for CP asymmetries involving B s − B s oscillations. Measuring ∆Γ(B s ) provides a further constraint. The presence of New Physics would revive all four solutions.
Exposé
The CP asymmetry predicted in 1980 for B d → ψK S [1]
has been observed [2] . The sign of ∆M B is not known by itself; yet it has been suggested that, without loss of generality, it can be assumed to be positive by defining ∆M (+) B = M H − M L with M H and M L denoting the mass of the heavier and lighter neutral B meson mass eigenstates, respectively [3] . With this assumption the measurements are usually quoted as sin2φ 1 = 0.726 ± 0.037. This leads to a two fold ambiguity in the value of φ 1 : in addition to the solution with φ 1 < π/4
which is consistent with all constraints on the CKM parameters, there is a second onẽ is the correct solution; if, however, cos2φ 1 < 0 were the case, one would have to pick the solutionφ 1 -in clear conflict with a global CKM description.
However the statement that sin 2φ 1 can be determined irrespective of the sign of ∆M B is erroneous despite us having repeated it in our book [5] . More specifically we will make the following points:
• The measurements on A ψK S tell us that the product ∆M B · sin2φ 1 must be positive. This can be achieved by both factors being positive -or both negative; ∆M B > 0 as well as < 0 are distinct scenarios. Thus the measured A ψK S can be reproduced with four rather than two choices of φ 1 , namely φ satisfies all other constraints on the CKM parameters; the other three values of φ 1 are unequivocally inconsistent with an overall CKM description and would establish the intervention of New Physics.
• ∆B = 2 dynamics (whatever its origin) shapes both factors in Eq. • Further constraints can be obtained, if one can measure the sign of ∆M B directly.
• The issue of the sign of ∆M B has to be addressed separately for B d and B s mesons.
The remainder of this note will be organized as follows: in Sect.2 we explain our assertion and address further consequences before summarizing in Sect.3.
On the Relevance of the Sign of ∆M B
It might seem obvious that in order to extract sin2φ 1 from the observed CP asymmetry of Eq.(1), one has to know the sign of ∆M B . Yet this is obscured by various subtleties in describing B 0 − B 0 oscillations to be addressed next.
Diagonalizing the mass matrix M − i 2
Γ yields for the difference in the eigenvalues:
and allows us to express the mass eigenstates in terms of the flavour eigenstates
with two equivalent relations:
We have used subscripts 'B' and 'B' for the elements of the B d − B d mass matrix in an obvious (if inelegant) notation to avoid confusion with the subscripts '1' and '2' of the mass eigenstates B 1 and B 2 ; the latter indices at this point are quite arbitrary. The mass matrix, q/p orρ(f ) depend on the phase convention for antiparticles:
while (q/p)M BB and (q/p)ρ(f ) do not. Even after fixing this phase convention, there remains a binary ambiguity, since there are two solutions to the first relation in Eq. (7):
Choosing the negative rather than the positive sign in Eq. (9) is equivalent to interchanging the labels 1 ↔ 2 of the mass eigenstates. This ambiguity exists in the second relation of Eq. (7) as well, since the sign of q/p is reflected in the definition of B 1,2 and thus of ∆M B and ∆Γ B . Predicting ∆Γ ≪ ∆M one has further simplifications:
where the minus sign is due to ψK S being a CP odd state. The observable CP asymmetry can then be expressed in different but equivalent ways. For our purposes the situation becomes most transparent, when we use Eq.(10):
The arguments in both factors are manifestly independent of the phase convention for (7), we obtain
The sign of ∆M B appearing in both factors cancels against each other -yet the sign of Im
remains. To say it differently: one can adopt the definition ∆M
This discussion tells us that one infers only that
from the measurement of the CP asymmetry in B d (t) → ψK S . Since our first task is testing the SM, it is appropriate to infer the sign of Re q p M BB from it, which yields
where B B denotes the so-called bag factor in evaluating ∆M B from the expectation value
All evaluations of B B yield a positive value; hence we conclude within the SM
In Figs. 3 we show the regions where ∆M B and sin2φ 1 are positive and negative. Therefore only φ
can accommodate A ψK S under the assumption that the SM reproduces the sign of ∆M B .
Measuring cos2φ 1 will eliminate one of these solutions and end up with single value for φ 1 . If it will be φ have to be accepted for further analysis. We will return to this point in Sect.3. ∆B = 2 dynamics impacts all B d (t) decays involving oscillations -B d (t) → ψK S , ππ etc. -in a universal way; i.e., either ∆M B > 0 or < 0 for all B d decays. The intervention of New ∆B = 2 Physics could introduce a new weak phase, but it would be the same for all modes. For B s decays in principle one has to start afresh. Assuming M BsBs to be given by the SM, one finds that it is positive definite (for a positive bag factor). The intervention of New Physics could drive it negative.
Determining the sign of ∆M B independently of A ψK S would provide a valuable further constraint. This could be achieved most directly if one could measure also ∆Γ B and its sign and determine whether the longer lived state is heavier or lighter than the short lived one. For B s this seems feasible. Indeed, the CDF collaboration has presented evidence that decays into the CP even component of the final state ψφ have a considerably shorter lifetime than for the CP odd component [6, 7] ∆Γ(B s ) Γ(B s ) CDF ≃ 0.65
Yet one estimates a very small difference in the lifetimes of the two B d mass eigenstates:
∼ O(%), which is presumably beyond our experimental capabilities. An intriguing method for measuring the sign of ∆M B d has been suggested in 1990 by Azimov [9] ; its importance has been discussed also in [5, 8] .
Summary and Outlook
Contrary to widespread belief, the sign of ∆M B in the expression for the CP asymmetry of Eq.(1) (and others like it) cannot be assumed to be positive 'par ordre du mufti': both signs represent conceivable scenarios and have to be allowed for. Therefore even a perfect measurement of the CP asymmetry in B d (t) → ψK S can a priori be accommodated with four distinct values of the weak phase φ 1 , which we have denoted by φ To probe the self-consistency of the CKM description one can require the SM to accommodate ∆M B or at least its sign as imposed by A ψK S with the same choice of CKM parameters. Since solutions φ
